Background: This study aims at determining the effects of rearing water temperature on immature development, adult vectorial attributes and teneral accumulation in Culex quinquefasciatus (Cx. quinquefasciatus) mosquitoes. Immature life stages of the species were reared (to adulthood) in water media with temperature regimens of 28, 30, 32 and 34°C generated and maintained by digital electrical thermostats. Immature and adult vectorial attributes (i.e. duration of development, growth rates, immature and adult survivorship, emergence rates and adult longevity), and rates of accumulation, distribution and utilisation (for pupation and eclosion) of teneral reserve (lipid, glucose, glycogen and protein) by life stages of the species were determined. Result: Results revealed significant negative effects of temperature increase on all parameters measured. Among these, only rate of larval growth (range = 0.0589 ± 0.0017 to 0.0930 ± 0.0003 mg/day) increased with temperature rise; others reduced with rise in temperature. Total immature duration (9.75 ± 0.09 to 6.43 ± 0.11 days), immature survivorship (94.01 ± 0.18 to 73.26 ± 3.72%), total emergent adults (72.00 ± 2.14 to 14.50 ± 2.67 adults/100 larvae), percentage of emergence, adult daily survivorship (76.86 ± 1.87 to 63.66 ± 0.18%) and post-emergence longevity (23.91 ± 2.97 to 16.90 ± 1.97 days) reduced with increase in temperature. Accumulation of teneral components increased across larval instars, but decreased with temperature rise and at metamorphosis (pupation and eclosion). Immature composition for lipid, glucose, glycogen and protein ranged, respectively, from 9.79 ± 1.05 to 20. 07 ± 0.33, 8.49 ± 0.44 to 14.33 ± 0.44, 28.19 ± 2.34 to 42.87 ± 0.12 and 24.11 ± 0.71 to 35.55 ± 0.15 μg/mosquito. While, adult values for these ranged from 7.53 ± 0.40 to 20.66 ± 0.61, 7.45 ± 0.87 to 13.86 ± 0.83, 22.63 ± 0.85 to 33.64 ± 0.79, and 17.81 ± 1.02 to 31. 45 ± 1.40 μg/mosquito, respectively. Glycogen and protein had the highest rates of accumulation, while metabolic reserves utilised for pupation and eclosion varied significantly with temperature change.
Background
Temperature is a very important abiotic factor that affects the development of immature stages of insects (Al-Saffar, Grainger, and Aldrich, 1995) , and especially mosquitoes (Alto and Juliano, 2001) . This is, especially, so because the basal temperatures of these organisms are closely dependent on ambient temperature (Carrington, Armijos, Lambrechts, Barker, and Scott, 2013) .
For ectotherms, temperature is, probably, the most important physical quantity that regulates juvenile development and adult success rates (Atkinson, 1995) , immature growth rates and morphometrics (Ukubuiwe and Olayemi, 2014) , and population dynamics of immature and adult mosquitoes (Phasomkusolsil et al. 2011) . In aquatic insects (e.g. immature mosquitoes), where all pre-imaginal life stages are spent in water, developmental successes (duration of development and survivorship) is a product of diverse physiological interactions between temperature and other temperature-dependent vital life processes. More so, the quality of adult life of such insects is dependent on the outcomes of these relationships (Mpho, Callaghan, and Holloway, 2002a) .
Generally, in insects, optimum ranges of temperatures exist and are required for successful pre-imaginal development (Loetti, Nora, Paula, and Schweigmann, 2008) . This is to ensure integrity of enzymes and protein structures (Bowler, 1987) , completion of critical metabolic reactions (Oda et al., 2002) and avoidance of build-up of thermal stress (Carrington et al. 2013) . These temperature ranges are usually species- (Loetti, Nicolás, and Burronia, 2011) and life-stage specific (Olayemi, Onumanyi, Ukubuiwe, and Jibrin, 2016) .
Pre-imaginal duration of development and survivorship, and adult life trait attributes, such as number at emergence, daily survivorship and longevity is critical in determining vectorial fitness, competence, and capacity of mosquito vectors, and the dynamics of disease transmission. For example, decreased immature developmental time coupled with higher immature survivorship ensures higher adult emergence, with the resultant surge in adult population (Nasci, Berry, Restifo, and Moore, 1996) . More so, higher numbers of emerged adults guarantee greater success at finding mates (Workman and Walton, 2000) and increased host-vector contacts (Randell, Dickinson, Shayo, Mboera, and Kramer, 2010) . Meanwhile, higher daily survivorship and longer post-emergence longevity has been correlated with higher cyclical transmission of disease by vectors (Strickman and Kittayapong, 2003) .
Further, temperature primarily influences the accumulation, distribution and allocation of larval metabolic resources in insects (Bochdanovits and De Jong, 2003) . These have resultant effects on adult fitness parameters such as wing lengths (Lanciani and Le, 1995) , fluctuating asymmetry (Markow, 1995; Parsons, 1990) and adult size (Sibly and Atkinson, 1994) . Temperature also affects longevity and fecundity (Armbruster and Hutchinson, 2002; Joshi, 1996) , and increases the chances of susceptibility to pathogens (Mourya, Yadav, and Mishra, 2004) .
According to Briegel (1990a) , the physiological fitness of an adult mosquito is dependent on teneral reserve accumulation, distribution and utilisation during pre-imaginal development. These reserves (lipid, glycogen, glucose and protein) are crucial for most adult life traits such as survivorship, flight, vitellogenesis and longevity (Briegel, 1990b) . Accumulation of these reserves during phagoperiods (i.e. larval instars I-IV), their distribution and utilisation across immature instars and life stages for life processes is dependent on the interplay of several factors, such as levels of environmental stress (Mpho et al. 2002a) .
In the present study, we investigated the influence of thermal stress on immature developmental indices, adult vectorial attributes, as well as, accumulation, distribution and utilisation of teneral reserves in Culex quinquefasciatus; a medically important vector species. This is necessitated to understand and increase knowledge-base of the influence of breeding water temperature on growth, development and vector competence of mosquitoes and for the development of cost-effective, integrated and eco-friendly mosquito-vector control protocols.
Methods

Preparation of water temperature regimen
Rearing-water media with temperature regimens of 28.00, 30.00, 32.00 and 34.00°C were generated and regulated using digital electrical thermostats (model: 300 W, LifeTech Aquarium® GB4706.67-2003) according to methods described by Olayemi et al. (2016) . The temperature regimen set-ups were in four replicates containing 50 larvae/bowl/ replicate.
Source and maintenance of experimental mosquito
Freshly laid egg rafts of Culex quinquefasciatus were obtained from the Insectary unit of the Department of Animal Biology, Federal University of Technology, Minna. These were incubated for 24 h to ensure complete hatching. The hatched-out larvae were reared following standard techniques in plastic trays (30 cm × 25 cm × 5 cm), at the rate of 50 larvae/bowl of distilled water. The larvae were fed Coppens® (fish feed), at the rate of 0.32 mg/100 larvae every other day, sprinkled on the water surface (Ukubuiwe, Olayemi, Omalu, Jibrin, and Oyibo-Usman, 2013 ). On every alternate day, the water from the culture bowls were changed, this would continue until pupal stage. The pupae were separated daily and placed in plastic bowl half-filled with thermostatregulated-water until emergence. Adult mosquitoes that were unable to emerge or break free from the pupal case were considered dead. The emerged adults were put in adult-holding cages and fed with 10% sucrose solution. Total number of emergent (sum of male and female adult), daily survivorship and post-emergence longevity was noted daily .
Determination of entomological parameters Developmental indices
Development indices adopted in this study were duration of development and survivorship of immature instars and stages.
Duration of development of immature stages
This was determined as according to the methods of Ukubuiwe et al. (2016) . Briefly, the mosquitoes were monitored twice (0600 and 1800 h daily) to determine the numbers of immature life stage that changed to the next stage of development. This was recorded on daily basis till pupation and emergence. The duration of development of immature stage represents the time a particular immature life stage spends before transforming to the next stage of development. These were determined for the larval instars I-IV, (LI-IV), and pupal stage. The total larval and immature duration were determined as the sum of duration of the four larval instars and all immature stages (LI-IV and pupa), respectively. These values were expressed in days and estimated using the following formula:
Where, D i = duration of a life stage in days; T i = present mean age; t i−1 = previous mean age at moulting.
Survivorship of immature stages
Survival rates during immature life stages were determined as the proportion of mosquitoes at the beginning of a life stage that successfully entered the next stage. It was determined for larval instars and pupal stage, and expressed as percentages and computed using the formula:
Where S i is the survival rates in instar stage i in percentage; n i is the number of larvae entering instar stage i, and n i−1 be the number of larva that entered the preceding instar stage.
Determination of number of adults at eclosion, emergence sex ratio, daily survivorship and post-emergence longevity of adults
The number of adults at eclosion was determined by counting adult male and female mosquitoes at eclosion. Emergence ratio was determined by recording the sex and number of adults that emerged . Daily survivorship, expressed in percentage, is a ratio of number of live mosquitoes to dead ones; while longevity, expressed in days, was estimated as the number of days adult (male and female) spent post-emergence, while fed with only sugar solution (10%) soaked in cotton wool (Olayemi and Ande, 2009 .
Adult fitness attributes
Indices of adult fitness were determined from wing length (WL) and fluctuating asymmetry (FA). Studies have shown that the wings of insects do not grow after eclosion; hence, their lengths are constant and give a measure of body size. More so, fluctuating asymmetry measures the degree of variations between the lengths of the right and left wings, and is a proxy for ontogenic stress, and hence fitness. For WL (mm) determination, the wings were carefully detached from the thorax of emerged adult mosquitoes, with the aid of entomological pins; and measured as the distance between the base of the costa and distal extremity of the R3 vein, excluding the fringe setae (Loetti et al. 2011) . Wing FA (mm) was expressed as a difference between the lengths of left and right wings .
Teneral reserve accumulation
The quantities of teneral reserve (lipid, glycogen, glucose and protein) accumulated at each life stage was estimated according to methods described by Van-Handel (1985a , 1985b , Van-Handel and Day (1988) and Kaufmann and Brown (2008) . Larval daily rates of accumulation of metabolic reserve (for each teneral component) due to the temperature regimens were obtained by dividing the quantity of the teneral component at LIV by the age at pupation (Timmermann and Briegel, 1993) . Metabolic reserve utilised for the processes of pupation and eclosion were also determined, respectively, as the difference in teneral composition between the fourth larval and pupal stage, and between the pupal and adult life stages (Ukubuiwe et al. 2017) .
Data analysis
All entomological data generated were tested for goodness-of-fit before analyses. These were processed into means and standard deviation using Microsoft Office Excel 2016 and Statistical Package for Social Scientists (SPSS) Version 21. Differences between means of any two entomologic variables (e.g. between male and female parameters) were compared using Student t test, while those among entomologic variables (e.g. among temperature regimens) were compared for significant difference using one-way and two-ways analysis of variance (ANOVA), as appropriate. All decisions on statistical comparison of means was taken at p = 0.05 level of significance. Duncan multiple range test (DMRT) separated differences between means.
Results
Effects of rearing-water temperature on duration of development and larval growth rates of Culex quinquefasciatus mosquito Analyses revealed significant (p < 0.05) effects of temperature on duration of development of all immature life stages and larval instars, and on larval growth rate of the species ( Fig. 1 and Table 1 ). There was significant reduction in duration of development as temperature increased from 28.66 ± 0.32 to 34.00°C. While mosquito larval instars reared at the later temperature regimen elicited the shortest development times, those reared in the former had the longest (Fig. 1) .
The varied development times of the larval instars resulted to variations in total larval duration times, with the larvae reared at 34.00°C having the shortest (5.38 ± 0.13) while those reared at ambient, the longest (8.94 ± 0.24 days). There was no significant difference in developmental times at 30.00 and 32.00°C. Duration of pupal and immature duration of development followed the same trend as the larval instars development times (Table 1) .
Growth rates of the larvae exhibited a positive relationship with increase in temperature: the highest temperature tested (34.00°C), elicited the fastest growth rate while ambient temperature, the slowest (Table 1) .
Effects of rearing-water temperature on survivorship of immature Culex quinquefasciatus mosquito
Analyses revealed significant reduction in immature survivorship as temperature increased from 28.66 ± 0.32 to 34.00°C ( Fig. 2 and Table 2 ). Unlike duration of development, survivorship of larval instars (I-IV) was negatively affected by increase in temperature (Fig. 2 ). Similar trends were observed for survivorship at pupal stage and in average immature survivorship ( Table 2) .
Effects of rearing-water temperature on emergence, postemergence longevity and survivorship of adult Culex quinquefasciatus mosquito
Figures 3 a-c shows the effects of temperature on emergence, survivorship and post-emergence longevity of adult Cx quinquefasciatus. Analyses revealed significant reduction in the total numbers of emergent adult mosquitoes as temperature increased from 28.66 ± 0.32 to 34.00°C. The number of emerged male (♂) and female (♀) also differed significantly in the same trend (Fig. 3a ). There were, significantly, greater numbers of female (44.50 ± 1.60 adult/100 larvae) than male (27.50 ± 3.74 adult/100 larvae) of the species at all temperature tested. Post-emergence longevity (PEL) of the species differed, significantly, among the temperature regimens. There was an initial increase in PEL as temperature increased from 28.66 ± 0.32 (19.36 ± 1.58 days) to 30.00°C (23.91 ± 2.97 days), with subsequent reduction with further increase in temperature. PEL also varied among the adult sexes of the species within and among temperature regimens (Fig. 3b) .
Mean daily survivorship of adult Cx. quinquefasciatus also reduced, significantly, with increase in temperature treatments. However, there was no significant (p > 0.05) difference between survivorship between sexes within a temperature regimen; it ranged from 63.66 ± 0.18 (at 34.00°C) to 76.86 ± 1.87 (at 28.66 ± 0.32°C) (Fig. 3c) .
Effects of rearing-water temperature on distribution of teneral lipid among life stages of Culex quinquefasciatus mosquito Generally, there were significant (p < 0.05) increase in the quantities of lipid accumulated as the larvae progressed from first (LI) to fourth (LIV) larval instar, despite increase in temperature. However, within a larval instar (e.g. LI) for all treatments, further increase in temperature above 30.00°C, significantly, reduced the quantity of lipid accumulated (Fig. 4) . More so, as the larval stage progressed to pupal and adult stages, significant reduction in teneral reserve was observed. Average larval, pupal composition, immature and adult lipid accumulation followed similar pattern, i.e. reduction in lipid content as temperature increased (Table 3) .
Effects of rearing-water temperature on distribution of teneral glucose among life stages of Culex quinquefasciatus mosquito Analyses revealed significant (p < 0.05) effects of temperature on life stages' accumulation of glucose. Glucose composition, like lipid, generally, reduced with increase in temperature and during transformation from larvae to pupa and to adult. Hence, adults had the least values. Larval instars reared at 30.00°C had the highest teneral glucose. Composition of larval instars ranged from 5.70 ± 0.18 to 9.37 ± 0.18, 7.29 ± 0.99 to 12.75 ± 0.44, 9.68 ± 0.96 to 15.28 ± 0.36 and 10.92 ± 0.53 to 17.71 ± 0.85 μg/mosquito, respectively, at LI, LII, LIII and LIV (Fig. 5) . Average larval composition ranged from 8.40 ± 0.46 to 13.78 ± 0.27 μg/mosquito, at 34.00 and 30.00°C, respectively.
The pupal, average immature and adult composition ranged, respectively, from 8.85 ± 0.58 to 16.54 ± 1.10, 8.49 ± 0.44 to 14.33 ± 0.44 and 7.45 ± 0.87 to 13.86 ± 0.83 μg/mosquito, respectively, at 34.00 and 30.00°C) ( Table 4) .
Effects of rearing-water temperature on distribution of teneral glycogen across life stages of Culex quinquefasciatus mosquito
Mosquitoes larvae reared at the highest temperature (of 34.00°C) had the lowest values for glycogen content, while those reared at 30.00°C, the highest (Fig. 6 ).
Average larval (28.19 ± 2.34 to 45.06 ± 0.03 μg/mosquito), pupal (24.95 ± 0.71 to 34.12 ± 0.51 μg/mosquito), immature (28.19 ± 2.34 to 42.87 ± 0.12 μg/mosquito) and adult glycogen compositions (22.63 ± 0.85 to 33.64 ± 0.79 μg/ mosquito) were significantly (p < 0.05) reduced as temperature increased from ambient to 34.00°C (Table 5) .
Effects of rearing-water temperature on distribution of teneral protein across life stages of Culex quinquefasciatus mosquito Analyses revealed significant (p < 0.05) effects of rearingwater temperature on protein accumulated in the larval instars (Fig. 7) ; resulting in variation in average larval composition ranging from 24.70 ± 0.96 to 35.93 ± 0.18 μg/mosquito). Fourth larval stages of the species had the lowest teneral protein content, irrespective of temperature treatment. More so, the pupal and adult life stages' composition also varied significantly among the temperature regimens. Mosquitoes reared at 34.00°C had the least values of protein accumulated (Table 6) . Effects of rearing-water temperature on larval rates of teneral reserve accumulation in Culex quinquefasciatus mosquito
The rate of accumulation of teneral reserves during the larval instar stages varied significantly (p < 0.05) with increase in temperature and teneral component type. Glycogen (5.42 ± 0.06 to 6.99 ± 0.11 μg/mosquito/day) had the highest rate, while glucose had the lowest (1.62 ± 0.02 to 2.52 ± 0.16 μg/mosquito/day) ( Table 7) .
Effects of rearing-water temperature on metabolic reserve utilised during pupation and eclosion in Culex quinquefasciatus mosquito
The quantities of lipid, protein, glucose and glycogen utilised for pupation varied significantly (p < 0.05) with temperature change. The total reserves utilised for pupation ranged from 20.30 ± 9.89 to 29.09 ± 2.26 μg/larva. The individual teneral utilised for pupation were similarly influenced by water temperature change (Table 8) .
Metabolic reserve for eclosion of the species varied significantly (p < 0.05) among pupae in the various temperature regimens. Total reserve utilised ranged from 7.61 ± 4.17 μg/pupae (at 30°C) to 10.00 ± 1.82 μg/ pupae (at 28.66 ± 0.32°C). However, the quantities utilised at higher temperatures of 32 and 34.00°C did not vary significantly (Table 9 ).
Discussion
Effects of rearing-water temperature on duration of development and growth rate of larval stages of Culex quinquefasciatus mosquito
The present study attempts to put into clearer perspective, developmental feats that could be exhibited by the vector species, Cx. quinquefasciatus mosquito, in conditions where developmental temperatures of breeding habits peak as high as 34.00°C. Although, in the tropics, especially, in the study area and areas with similar ecotype, field studies suggest that breeding-water temperatures are between 27 and 30°C (Okogun, Anosike, The results of the present study show that increase in rearing-water temperatures significantly reduce duration of development (i.e., faster development) of immature life stages. For example, fastest developmental rates were observed in mosquitoes reared at the highest temperature tested (34.00°C), while the slowest developmental rates were observed at ambient temperature. The reduced duration of development in the former may be due to increased metabolic rates, elicited by quicker attainment of threshold size for growth occasioned by faster accumulation of teneral materials (Briegel, 1990b) . Similar interactions between temperature and development times also exist for other mosquito species (Rueda, Patel, Axtell, and Stinner, 1990; Ribeiro, Costa, Loeck, Vianna, and Silveira Jr., 2004; Loetti et al. 2008; Dodson, Kramer, and Rasgon, 2012) .
Further, the present study revealed variations in developmental times among immature life stages (especially, among larval instars) within a temperature regimen and among temperature regimens. Larval stage IV (LIV) spent the longest time as instar among the immature life stages in all temperature regimens. This is a physiological adaptation for attainment of pupation-threshold size and maximisation of teneral reserve accumulation for metamorphosis and adult life traits (Timmermann and Briegel, 1999) .
Among this life stage (LIV) and at all temperature treatments, those reared at 34.00°C developed fastest. This feat, perhaps, could have been occasioned by quicker pupation-threshold size attainment in this category of LIV mosquitoes (Timmermann and Briegel, 1998) predicated by increased higher metabolic rates due to this temperature (Vinogradova and Karpova, 2006) . According to Timmermann and Briegel (1993) , in mosquitoes, larval growth rates (LGR) are proxies for rates of metabolism: with higher values indicative of higher metabolic processes. In the present study, LGR, unlike duration of immature development, showed direct linear relationships with water temperature. The highest LGR value was obtained at 34.00°C, indicative that mosquitoes reared at this temperature have an increased metabolism, and may account for the fastest development observed for this cohort in this study.
Further, it suggests that mosquitoes reared at high temperatures (especially, within thermal limits) will have higher rates of metabolism, with faster growth rates (Bayoh and Lindsay, 2003) . The study also revealed that, perhaps, significant increase in the temperature of natural habitats of this mosquito species (due to warmer climates or anthropogenic activities) could reduce developmental times; triggering adult mosquito population explosion, increased vector-human contacts, human-biting rates, with its attendant disease transmission.
Effects of rearing-water temperature on survivorship of immature Culex quinquefasciatus mosquito
The results of this study revealed that increasing rearing-water temperature has significant influence on survivorship of immature stages of Cx. quinquefasciatus mosquito. For example, increased water temperature resulted in increased juvenile mortality, especially at 34.00°C. Surprisingly, this effect was most obvious at the final larval instars (LIV) than any other larval instar (LI-III) or pupal life stage. Earlier studies have suggested that this life stage (LIV) is the most resilient and physiologically stable immature life stage (World Health Organization, WHO, 1992) . So, it was expected that this life stage should be better adapted to withstand the increasing high temperatures; however, the result of the present study suggests the contrary. This high mortality (of this life stage, LIV) elicited by high temperature could be direct reactions to peaked accumulation of heat-related stress responses acquired during earlier successive larval instars (Feder, Blair, and Figueras, 1997; Oda et al. 2002) which increases chances of mortality (Parsons, 1989; Daly, Doyen, and Alexander, 1998) . This finding, however, does not imply that this life stage (LIV) is not resilient/and or physiologically stable as earlier studies have shown, but may depict the effects of thermal stress on the life stage.
According to Karan and David (2000) , for effective growth, insects must develop within temperature ranges, above which, enzymatic activities are seriously impaired, with possible death occurrence, and below which, developmental processes are reduced. The present study suggests a temperature threshold for effective development as 30.00°C; and may explain the significant increase in mortality as temperature increased above this.
Unlike the larval stage, pupal stage exhibited significant thermal resistance. This was not new, as earlier studies reported significantly higher adaptability of pupal stage to higher temperatures (Hoskins, 1932; Olayemi et al. 2016 ). This may be due to the possession of tougher integument by the pupal stage (Davis, 1932; Christophers, 1960) . More so, this life stage (pupae) does not ecdyse: a process that leads to the production of thin, vulnerable cuticle that is easily damaged by high temperatures (Bowler, 1987) . This finding is important, as despite the reported thermotolerance of this mosquito life stage (pupa), the present study suggests that a limit of thermal resistance may exist for it and may be in the range of 34.00°C.
The study further revealed that different temperature regimens support the species' immature duration of development and survivorship. For example, temperature of 34.00°C was ideal for duration of development, as it supported fastest development, while temperatures of 30.00 and 32.00°C supported maximum survivorship. It was further noted that the developmental temperature (of 34.00°C) which stimulated faster development elicited higher juvenile mortality. This may be suggestive that as regards temperature, other secondary factors, perhaps endogenous, e.g. synthesis of heat-resistant proteins and stress (Gehring and Wehner, 1995; Mpho, Callaghan, and Holloway, 2002b) , may play greater roles in the development and survivorship of immature mosquitoes.
Effects of rearing-water temperature on emergence, postemergence longevity and daily survivorship and of adult life stage of Culex quinquefasciatus mosquito
The result of this study revealed that increasing water temperature had significant effects on total number of emergent mosquitoes, especially, on the numbers of male and female adult mosquitoes. For example, as temperature progressively increased from ambient to 34.00°C, the total number of adult that emerged, significantly, reduced. This phenomenon suggests reduction in rate of eclosion with increase in temperature. Earlier, Alto and Juliano (2001) have reported similar observations in Aedes mosquito.
The result of this study also showed was skewness of sex towards female of the species, as greater numbers of female adult mosquitoes emerged more than their counterpart male at all temperature regimen. Could this be the norm in mosquito development and reproduction or connote greater thermotolerance by female pupae than their male counterparts? Post-emergence longevity was negatively affected by increase in temperature, as mosquitoes reared at 34.00°C
were the shortest-lived. Earlier, Reisen (1995) had reported that thermal stress significantly reduced longevity in Culex tarsalis. This may imply that as temperature of immature mosquito-breeding habitats increase, there may be a reduction in pathogen transmission tendencies, occasioned by the ephemeral nature of emergent adults from high temperature. These mosquitoes may not live long enough to ensure complete development of the pathogen within the vector.
In the present study, it is worthy of note that female mosquitoes from all temperature regimens lived longer than their male counterparts. Perhaps, indicative of possible greater endowment by nature on female mosquitoes to live longer for continuity of life and for cyclical transmission of pathogens of diseases (Pelizza, López Lastra, Becnel, Bisaro, and García, 2007) .
Rearing-water temperature also affected daily adult survivorship of the mosquito species (> 60.00% for all temperature regimens). Adults from ambient temperature had the highest survivorship, while those from 34.00°C, the least. This is in tandem with the reports of Loetti, Burroni, Schweigmann, and de Garin (2007) and Mpho et al. (2002a Mpho et al. ( , 2002b ; who reported decreased adult survival rates with increase in temperature.
Comparison of survivorship among and between sexes of the species revealed that male and female mosquitoes from ambient temperature survived most, though the values recorded at this temperature for the sexes were not significantly different from those at 30 and 32.00°C. Further, there was no significant difference in the daily survivorship between sexes, i.e. male and female from a particular temperature regimen. The reason for this was not clear, but, perhaps, indicative of indifference in effects of a particular temperature regimen on survivorship of adult mosquitoes.
Effects of rearing-water temperature on life stages' accumulation of teneral reserves in Culex quinquefasciatus mosquito
In the present study, teneral reserve composition of the species exhibited an inverse relationship with temperature, i.e. their relative composition reduced, significantly, as temperature increased. The quantities of each teneral component also, significantly, reduced with increase in temperature.
According to Bochdanovits and De Jong (2003) , the quantity of teneral reserves (i.e., lipid, protein, sugar and glycogen) acquired during immature phago-stage determines most adult vectorial fitness attributes. This, however, is the case in most anautogenous mosquitoes (e.g. Cx. quinquefasciatus) and few autogenous species. In mosquitoes, teneral reserves are major determinant of initial host seeking tendencies (Campbell, Thiemann, Lemenager, and Reisen, 2013) , duration before initial blood meal intake (Nasci, 1986) , egg development (Hooper, Sibly, Hutchinson, and Maud, 2003) , adult longevity (Hawley, 1985) , and general quality of adult life (Klowden, Blackmer, and Chambers, 1988) .
In the present study, irrespective of temperature regimen, there was a general increase in teneral reserve accumulation in the larval instars (LI-IV). This was followed by gradual decrease in composition as the life stage progressed through the pupal and adult life stages. These latter reductions may represent physiological utilisation of teneral components for general reconstruction and development of vital organs/structures at pupal stage and eclosion processes for adult. It, therefore, follows that conditions that increase demand on utilisation of teneral components for pupation and eclosion will, ultimately, reduce the quantity of teneral available for adult life. This will, no doubt, affect vectorial fitness, hence, disease-vector reduction.
Also, mosquitoes reared at 34.00°C had the least teneral component accumulations. For example, mosquito reared at this temperature had the least protein contents, perhaps, due to denaturing of protein proteins by heat. Meanwhile, this cohort recorded low lipid, glucose and glycogen contents. This, perhaps, indicate increased expenditure of stored-reserve for the heightened physical activities (elicited by the high temperature), coupled with the reduced feed intake (both due to thermal stress) by the mosquito. Effects of rearing-water temperature on larval rates of teneral reserve accumulation in Culex quinquefasciatus mosquito
Daily larval rates of teneral accumulation were highest at 30.00°C and lowest at 34.00°C. These differences could be partly responsible for results obtained for most of the entomological parameters determined in the present study at these temperatures. Higher rates of teneral accumulation support greater developmental fitness indices (Timmermann and Briegel, 1999) . Among the teneral components, glycogen and protein had highest values at all temperature tested. This may signify greater importance of these two in structure formation and energy storage (Gillott, 2005) .
Effects of rearing-water temperature on metabolic reserve for pupation and eclosion of Culex quinquefasciatus mosquito
The quantity and quality of teneral reserve acquired during the last larval instar (LIV), determines the metabolic reserve available for metamorphosis (i.e. pupation and eclosion) (Briegel, 2003) . It also determines the quality of adults produced at eclosion (Hawley, 1985) . In the present study, disparity was observed in the quantity of reserves utilised for these metamorphic processes (i.e. pupation and eclosion). For example, different quantities of and component type of teneral reserve were utilised by the mosquito species with increase in temperature. The mosquitoes reared at 34.00°C utilised comparatively more quantities of lipid and glycogen than protein and sugar for pupation than they did at eclosion, relative to other mosquitoes from other temperatures. They also utilised relatively, the highest quantities of protein and sugar for eclosion; this have resulted in the emergence of adults with relatively low teneral reserve component. This observation is of epidemiological importance, as it may represent reduction in vectorial fitness and impairment of adult life attributes of these mosquitoes, especially, egg development propensities.
Finally, the mosquitoes reared at 30.00°C expended moderately to low quantities of metabolic reserve for the metamorphic processes of pupation and eclosion. This has resulted in the emergence of adult mosquitoes with comparatively larger amount of teneral reserve components for adult life. Hence, this temperature regimen may be the threshold for development of this species. More so, there are greater tendencies of mosquitoes from this temperature regimen becoming more efficient in the cyclical transmission of pathogens of disease.
Conclusions
The present study revealed significant effects of increasing temperature on vectorial attribute indices investigated (i.e. duration of development, growth rates, survivorship, emergence, longevity, rates of teneral accumulation and utilisation. Among these, only larval growth rates increased with temperature increase, while other measured parameters were negatively affected. More so, temperature of 30.00°C seems to favour more developmental and vectorial attributes of the mosquito species.
Further, the study also showed that a constant 2-degree rise in temperature can affect the physiology of the mosquito species and, hence, the vectorial fitness. Increasing immature rearing-water temperature, may lead to the emergence of mosquitoes, less fit to transmit disease pathogens. The information contained in this study is important in understanding the interplay between temperature and mosquito development, for the development of temperature-based control protocols and models for vector control. 
